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(54) Alignment of bop stack to facilitate use of a rotating control device

(57) An alignment system can include at least one
alignment device positioned between two flanges, the
alignment device having a greater thickness on one side
of the alignment device than on an opposite side of the
alignment device. A method of producing a relative an-
gular offset between a first flange and a second flange
can include positioning at least one alignment device be-
tween the first and second flanges, and securing the
alignment device between the first and second flanges,
thereby producing the angular offset. A method of align-
ing an axis of a blowout preventer stack with a rig floor
can include positioning at least one alignment device be-
tween a first flange, and a second flange of the blowout
preventer stack; and securing the alignment device be-
tween the first and second flanges, thereby producing an
angular offset of the second flange relative to the first
flange.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to con-
necting components with flanged connections and, in
specific examples described herein, more particularly
provides for alignment of a BOP stack to facilitate use of
a rotating control device.

BACKGROUND

[0002] In various industries, assemblies of compo-
nents are connected using flanged connections. Typical-
ly, the mating surfaces of flanges in the flanged connec-
tions are intended to be oriented in a particular direction
relative to the associated components being connected.
If, however, the flanges are not suitably oriented, or the
intended direction changes, the connected components
will not be appropriately aligned with each other, or with
other equipment.
[0003] An example of such a system is disclosed in GB
2 340 570. An annular joint is disclosed therein which
includes internal and external faces, a plane of symmetry
passing through an axis, and includes first and second
contact zones contained respectively in first and second
planes. The first and second planes intersect to form a
dihedral having an edge perpendicular to the plane of
symmetry, where the dihedral angle is between and de-
grees. The joint may be made of steel, and may have a
polygonal, isosceles trapezoidal, rectangular trapezoi-
dal, symmetrical oval, or asymmetrical oval cross sec-
tion. Preferably the joint is used to connect two ducting
members provided with flanges at each end, so that the
longitudinal axes of the ducting members are not aligned.
The joint may be used in the production of a curved duct-
ing, eg a riser, for connecting an equipment item installed
on the sea bed with a drilling platform or oil production
platform.
[0004] GB 130 846 also discloses two circular or an-
nular wedges, bored to the inner diameter of a pipe and
turned to the outer diameter of the flanges. The user can
take the device and, guided by graduations, revolve the
two wedges relatively to one another. The device can
then be drilled to the flanges and bolted together.
[0005] It will be appreciated that improvements are
needed in the art of aligning components connected with
flanged connections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic elevational view of a system
and associated method embodying principles of the
present disclosure.

FIG. 2 is an enlarged scale schematic cross-section-

al view of flanges and an alignment device as used
in the system and method.

FIG. 3 is a schematic cross-sectional view of another
configuration of the flanges and multiple alignment
devices as used in the system and method.

FIG. 4 is a schematic cross-sectional view of yet an-
other configuration of the flanges and multiple align-
ment devices as used in the system and method.

DETAILED DESCRIPTION

[0007] According to the present invention there is pro-
vided a method of aligning an axis of a blowout preventer
stack with a rig floor as defined in the appended claim 1.
[0008] Further preferable features of the method of the
present invention are defined in the appended dependent
claims 2 to 7.
[0009] This disclosure relates to alignment of equip-
ment wherein components are connected using flanges.
In specific examples described below, a system and
method are provided for alignment of blowout preventers
(BOP’s), rotating control devices (RCD’s, also known as
rotating control heads and rotating blowout preventers)
with a rig floor and/or a casing string. However, the prin-
ciples of this disclosure are not limited to only these ex-
amples.
[0010] In conventional well construction practice, a
flanged casing bowl is welded to the top of casing at a
wellhead. The casing bowl allows secure, sealed attach-
ment of blowout preventers and a rotating control device
to the casing at the surface during well drilling and com-
pletion operations.
[0011] Unfortunately, casing bowls are not always
welded to the top of the casing so that they are level (i.e.,
with the top flange surface of the casing bowl perfectly
horizontal). Thus, when the BOP’s and RCD are bolted
to the casing bowl, they are also not level, and any drill
string or completion string which passes through the
BOP’s and RCD tend to rub on the inner surfaces of the
BOP’s and RCD. This causes damage to the seals and
various other internal components of the BOP’s and
RCD, requiring expensive and time-consuming mainte-
nance for these components.
[0012] The BOP’s and RCD are preferably aligned with
an opening in a rig floor above the BOP’s and RCD. If a
rotary table is used in the rig floor, then a longitudinal
axis of the BOP’s and RCD is preferably axially aligned
with the opening in the rotary table. However, a rig can
settle during drilling and/or completion operations, and
so it may be desirable to re-align the BOP’s and RCD
with the opening in the rig floor if misalignment does oc-
cur.
[0013] In the examples described below, one or more
alignment devices in the form of wedge-shaped spacers
(which are thinner on one side than on an opposite side)
are interposed between the casing bowl flange and a
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flange of the BOP’s and RCD assembly. In this way, any
deviation of the casing bowl flange from horizontal can
be corrected prior to attachment of the BOP’s and RCD.
Multiple alignment devices may be used, if necessary.
[0014] Representatively illustrated in FIG. 1 is an align-
ment system 10 and associated method which can em-
body principles of the present disclosure. In the system
10, a casing bowl 12 has been welded to the top of a
casing string 14 at a wellhead. Unfortunately, a flange
16 of the casing bowl 12 is not horizontal and, thus, is
not oriented in a plane orthogonal to a longitudinal axis
18 of the casing string 14.
[0015] As a result, when a blowout preventer stack 20
and a rotating control device 22 are connected to the
casing bowl 12, a longitudinal axis 24 of the blowout pre-
venter stack and rotating control device does not coincide
with the axis 18 of the casing string 14. Another result is
that the axis 24 is not aligned with an opening 26 in a rig
floor 28 through which a tubular string 30 (such as a drill
string, work string, test string, completion string, etc.) ex-
tends.
[0016] The axis 24 is also not aligned with a longitudinal
axis 32 of the tubular string 30 and opening 26, and so
the tubular string will rub against the interior of the blow-
out preventer stack 20 and rotating control device 22 as
it is conveyed into and out of the casing string 14, and/or
as it is rotated (e.g., using a rotary table 34). This could
damage internal features of the blowout preventer stack
20 and rotating control device 22, and/or could prevent
effective sealing between the tubular string 30 and the
blowout preventer stack and/or rotating control device.
[0017] As depicted in FIG. 1, the blowout preventer
stack 20 includes ram-type blowout preventers 36, 38
and an annular blowout preventer 40. A lower flange 42
of the lower blowout preventer 38 attaches to the flange
16 of the casing bowl 12. The blowout preventers 36, 38,
40 are used to seal off the wellhead and thereby prevent
undesired escape of fluids from the well in emergency
situations (e.g., to prevent an uncontrolled blowout), or
to seal off the annular space about the tubular string 30
in well control situations (e.g., when an excessive kick
occurs in drilling operations). Rotation or other manipu-
lation of the tubular string 30 would cease prior to oper-
ation of the blowout preventers 36, 38, 40.
[0018] In contrast, the rotating control device 22 is used
to seal off the annular space about the tubular string 30
during drilling operations (i.e., while the tubular string is
being rotated and/or lowered into the well to further drill
a wellbore, although rotation of the tubular string is not
necessary if a mud motor is used to rotate a drill bit on
the lower end of the tubular string). The rotating control
device 22 may be used in managed pressure drilling
(such as, in underbalanced drilling, at balance drilling or
slightly overbalanced drilling operations). However, it
should be understood that use of the rotating control de-
vice 22 is not necessary in keeping with the principles of
this disclosure.
[0019] To correct the misalignment of the axis 24 rel-

ative to the axes 18, 32 (and the associated misalignment
of the blowout preventer stack 20 and rotating control
device 22 with the casing string 14, rig floor opening 26
and tubular string 30), the system 10 utilizes one or more
alignment devices 44 interposed between the flanges 16,
42 to produce an angular offset which compensates for
the misalignment of the axis 24 relative to the axes 18,
32. An enlarged scale schematic cross-sectional view of
the flanges 16, 42 and the alignment device 44 is repre-
sentatively illustrated in FIG. 2.
[0020] Note that the alignment device 44 has opposing
planar flange surfaces 46, 48 which are angled relative
to one another, due to the alignment device having a
greater thickness T on one side as compared to a thick-
ness t on an opposite side. Thus, when the alignment
device 44 is clamped between the flanges 16, 42 (such
as, by tightening bolts 50), an angular offset A will be
produced, thereby aligning the axes 18, 24 and aligning
the axis 24 with the axis 32 (not visible in FIG. 2).
[0021] In some circumstances, a single alignment de-
vice 44 may not be sufficient to produce a desired angular
offset A between the flanges 16, 42, in which case mul-
tiple alignment devices may be used. An example is rep-
resentatively illustrated in FIG. 3.
[0022] Another advantage derived from use of multiple
alignment devices 44 is that the angular offset A pro-
duced can be varied by rotating one of the alignment
devices relative to another alignment device. The incre-
ments of adjustment in the depicted examples is deter-
mined by the number of bolts 50 (and associated bolt
holes in the flanges 16, 42). For example, if there are
twelve bolts 50 (and associated bolt holes) used to clamp
the flanges 16, 42 to each other, then the number of in-
crements of adjustment is also twelve, with each incre-
ment equaling thirty degrees (360 degrees/12 incre-
ments) of relative rotation between the alignment devices
44.
[0023] The maximum angular offset A between the
flanges 16, 42 is depicted in FIG. 3, with the greatest
thicknesses T of the alignment devices 44 overlapping
each other. In FIG. 4, the minimum angular offset A (zero
angular offset) is depicted, with the greatest thickness T
of one alignment device 44 overlapping the least thick-
ness t of the other alignment device. The configuration
of FIG. 4 may not be of use in a particular circumstance,
since it produces no angular offset between the flanges
16, 42, but coupled with the configuration of FIG. 3, it
does show the range of adjustability of the angular offset.
[0024] Note that it is not necessary in keeping with the
principles of this disclosure for the increments of adjust-
ment of the angular offset between the flanges 16, 42 to
be determined by the number of bolts 50 (and associated
bolt holes) in the flanges. For example, finer or coarser
increments of adjustment could be produced by providing
a greater or fewer number of bolt holes in the alignment
devices 44.
[0025] As another example, a theoretically infinite
number of angular offset adjustments could be produced
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by eliminating the bolt holes in one or all of the alignment
devices 44. However, use of the bolt holes in the align-
ment devices 44 is presently preferred, since they can
provide definite known values and increments of angular
offsets for a particular configuration, and they help to
maintain the alignment devices in position during assem-
bly.
[0026] Since the bolts 50 could be subject to large
bending stresses due to the angular offset between the
flanges 16, 42, spherical washers of the type described
in U.S. Patent No. 7144049 may be used on the bolts to
prevent such bending stresses.
[0027] It may now be fully appreciated that the use of
the alignment device(s) 44 between the flanges 16, 42
can produce a desired angular offset A between the flang-
es to thereby align components on either side of the flang-
es and/or to align a component with another item of equip-
ment. For example, the angular offset A between the
flanges 16, 42 can align the axis 24 with the axes 18, 32,
align the blowout preventer stack 20 and blowout pre-
venters 36, 38, 40 thereof with the casing string 14 and/or
opening 26 in the rig floor 28, align the rotating control
device 22 with the casing string and/or opening in the rig
floor, etc.
[0028] Benefits can be derived from the angular offset
A even if one of the flanges 16, 42 is not initially mis-
aligned. For example, if the rig settles (thereby misalign-
ing the opening 26 in the rig floor 28 with the axis 24 of
the blowout preventer stack 20 and rotating control de-
vice 22), the alignment device(s) 44 can be used to re-
store alignment, without a need to move the rig itself.
[0029] Thus, in one example, the above disclosure pro-
vides to the art a system 10 and associated method in
which an angled alignment device 44 is interposed be-
tween a casing bowl flange 16 and a flange 42 of a blow-
out preventer 38 to thereby vertically align the blowout
preventer (and associated blowout preventer stack 20
and rotating control device 22). In other examples, the
flanges 16, 42 could be provided on other components,
and one or more of the components could be aligned with
equipment other than a rig floor 28, rotary table 34, open-
ing 26, tubular string 30, etc.
[0030] The above disclosure also provides to the art a
manner of using multiple angled alignment devices 44
between flanges 16, 42 to achieve an increased degree
of adjustability of angular offset A between the flanges.
Adjustment increments may be determined by the
number of bolt holes in the flanges 16, 42 and alignment
devices 44, or a greater or lesser number of increments
may be provided.
[0031] The alignment device(s) 44 may be used be-
tween any types of flanges, to thereby axially align any
type of components (such as pipes, valves, etc.) on op-
posite sides of the flanges (i.e., the components on op-
posite sides of the flanges are axially aligned, but one or
both of the flanges may not be axially aligned with those
components).
[0032] In this aspect, the components do not have to

be related to wells; they could be used in any type of
pipelines, processing plants, power plants, etc.
[0033] In another aspect, the alignment device(s) 44
may be used between flanges to align a component as-
sociated with one of the flanges with another item of
equipment. Thus, in the examples described above, the
blowout preventer stack 20 (which is associated with the
flange 42) is aligned with the opening 26 in the rig floor
28 (which is not rigidly secured to either of the flanges
16, 42).
[0034] More particularly, the above disclosure pro-
vides to the art an alignment system 10 which comprises
at least one alignment device 44 positioned between two
flanges 16, 42, with the alignment device 44 having a
greater thickness T on one side of the alignment device
44 than on an opposite side of the alignment device 44.
[0035] The system 10 can include multiple alignment
devices 44 positioned between the flanges 16, 42.
[0036] The alignment devices 44 may be displaceable
relative to each other to thereby vary an angular offset A
of one flange 16 relative to the other flange 42.
[0037] One of the flanges 42 may be part of a blowout
preventer 38. The alignment device 44 may align an axis
24 of the blowout preventer 38 with an axis 32 of a tubular
string 30 extending through a rig floor 28.
[0038] A rotating control device 22 may be connected
to the blowout preventer 38. The alignment device 44
may align an axis 24 of the rotating control device 22 with
an axis 32 of a tubular string 30 extending through a rig
floor 28.
[0039] One of the flanges 16 may be part of a casing
bowl 12.
[0040] The alignment device 44 may align an axis 24
of a blowout preventer stack 20 and/or a rotating control
device 22 with an axis 18 of a casing string 14.
[0041] Also provided by the above disclosure is a meth-
od of producing a relative angular offset A between a first
flange 16 and a second flange 42. The method includes
positioning at least one alignment device 44 between the
first and second flanges 16, 42; and securing the align-
ment device 44 between the first and second flanges 16,
42, thereby producing the angular offset A.
[0042] The positioning step may include positioning
multiple alignment devices 44 between the first and sec-
ond flanges 16, 42. The method can include displacing
a first one of the alignment devices 44 relative to a second
one of the alignments devices 44, thereby varying the
angular offset.
[0043] Securing the alignment device 44 may include
aligning an axis 24 of a blowout preventer stack 20 and/or
rotating control device 22 with an axis 18 of a casing
string 14.
[0044] The first flange 16 may be part of a casing bowl
12. The second flange 42 may be part of a blowout pre-
venter 38.
[0045] Securing the alignment device 44 may include
aligning an axis 24 of the blowout preventer 38 with an
axis 32 of a tubular string 30 extending through a rig floor
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28.
[0046] The method may include connecting a rotating
control device 22 to the blowout preventer 36, 38, 40.
[0047] Securing the alignment device 44 may include
aligning an axis 24 of the rotating control device 22 with
an axis 32 of a tubular string 30 extending through a rig
floor 28.
[0048] The above disclosure also provides to the art a
method of aligning an axis 24 of a blowout preventer stack
20 with a rig floor 28. The method includes positioning
at least one alignment device 44 between a first flange
16 and a second flange 42 of the blowout preventer stack
20; and securing the alignment device 44 between the
first and second flanges 16, 42, thereby producing an
angular offset A of the second flange 42 relative to the
first flange 16.
[0049] Securing the alignment device 44 may include
aligning the axis 24 of the blowout preventer stack 20
with an axis 32 of a tubular string 30 extending through
the rig floor 28.
[0050] The method may include connecting a rotating
control device 22 to the blowout preventer stack 20. Se-
curing the alignment device 44 may include aligning an
axis 24 of the rotating control device 22 with an axis 32
of a tubular string 30 extending through the rig floor 28.
[0051] The positioning step may include positioning
multiple alignment devices 44 between the first and sec-
ond flanges 16, 42. The method may include displacing
a first one of the alignment devices 44 relative to a second
one of the alignments devices 44, thereby varying the
angular offset. The displacing step may include selecting
from among predetermined rotational orientations of the
first alignment device 44 relative to the second alignment
device 44.
[0052] The first flange 16 may be part of a casing bowl
12.
[0053] Securing the alignment device 44 may include
aligning the axis 24 of the blowout preventer stack 20
and/or a rotating control device 22 with an axis 18 of a
casing string 14.
[0054] It is to be understood that the various embodi-
ments of the present disclosure described herein may be
utilized in various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present dis-
closure. The embodiments are described merely as ex-
amples of useful applications of the principles of the dis-
closure, which are not limited to any specific details of
these embodiments.
[0055] In the above description of the representative
embodiments of the disclosure, directional terms, such
as "above", "below", "upper", "lower", etc., are used
merely for convenience in referring to the accompanying
drawings.
[0056] Of course, a person skilled in the art would, upon
a careful consideration of the above description of rep-
resentative embodiments of the disclosure, readily ap-
preciate that many modifications, additions, substitu-

tions, deletions, and other changes may be made to the
specific embodiments, and such changes are contem-
plated by the principles of the present disclosure. Accord-
ingly, the foregoing detailed description is to be clearly
understood as being given by way of illustration and ex-
ample only, the spirit and scope of the present invention
being limited solely by the appended claims and their
equivalents.
[0057] Apparatus and methods may also be provided
as recited in the following numbered statements:

1. An alignment system, comprising:

at least one alignment device positioned be-
tween two flanges, the alignment device having
a greater thickness on one side of the alignment
device than on an opposite side of the alignment
device.

2. The system of 1, wherein the system comprises
multiple alignment devices positioned between the
flanges.

3. The system of 2, wherein the alignment devices
are displaceable relative to each other to thereby
vary an angular offset of one flange relative to the
other flange.

4. The system of 1, wherein one of the flanges is part
of a blowout preventer.

5. The system of 4, wherein the alignment device
aligns an axis of the blowout preventer with an axis
of a tubular string extending through a rig floor.

6. The system of 4, wherein a rotating control device
is connected to the blowout preventer.

7. The system of 6, wherein the alignment device
aligns an axis of the rotating control device with an
axis of a tubular string extending through a rig floor.

8. The system of 1, wherein one of the flanges is part
of a casing bowl.

9. The system of 1, wherein the alignment device
aligns an axis of a blowout preventer stack with an
axis of a casing string.

10. The system of 1, wherein the alignment device
aligns an axis of a rotating control device with an axis
of a casing string.

11. A method of producing a relative angular offset
between a first flange and a second flange, the meth-
od comprising:

positioning at least one alignment device be-
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tween the first and second flanges; and

securing the alignment device between the first
and second flanges, thereby producing the an-
gular offset.

12. The method of 11, wherein positioning at least
one alignment device comprises positioning multiple
alignment devices between the first and second
flanges.

13. The method of 12, further comprising displacing
a first one of the alignment devices relative to a sec-
ond one of the alignments devices, thereby varying
the angular offset.

14. The method of 11, wherein the first flange is part
of a casing bowl.

15. The method of 11, wherein securing the align-
ment device further comprises aligning an axis of a
blowout preventer stack with an axis of a casing
string.

16. The method of 11, wherein securing the align-
ment device further comprises aligning an axis of a
rotating control device with an axis of a casing string.

17. The method of 11, wherein the second flange is
part of a blowout preventer.

18. The method of 17, wherein securing the align-
ment device further comprises aligning an axis of the
blowout preventer with an axis of a tubular string
extending through a rig floor.

19. The method of 17, further comprising connecting
a rotating control device to the blowout preventer.

20. The method of 19, wherein securing the align-
ment device further comprises aligning an axis of the
rotating control device with an axis of a tubular string
extending through a rig floor.

21. A method of aligning an axis of a blowout pre-
venter stack with a rig floor, the method comprising:

positioning at least one alignment device be-
tween a first flange, and a second flange of the
blowout preventer stack; and

securing the alignment device between the first
and second flanges, thereby producing an an-
gular offset of the second flange relative to the
first flange.

22. The method of 21, wherein securing the align-
ment device further comprises aligning the axis of

the blowout preventer stack with an axis of a tubular
string extending through the rig floor.

23. The method of 21, further comprising connecting
a rotating control device to the blowout preventer
stack.

24. The method of 23, wherein securing the align-
ment device further comprises aligning an axis of the
rotating control device with an axis of a tubular string
extending through the rig floor.

25. The method of 21, wherein positioning at least
one alignment device comprises positioning multiple
alignment devices between the first and second
flanges.

26. The method of 25, further comprising displacing
a first one of the alignment devices relative to a sec-
ond one of the alignments devices, thereby varying
the angular offset.

27. The method of 26, wherein displacing a first one
of the alignment devices relative to a second one of
the alignment devices further comprises selecting
from among predetermined rotational orientations of
the first alignment device relative to the second align-
ment device.

28. The method of 21, wherein the first flange is part
of a casing bowl.

29. The method of 21, wherein securing the align-
ment device further comprises aligning the axis of
the blowout preventer stack with an axis of a casing
string.

30. The method of 21, wherein securing the align-
ment device further comprises aligning an axis of a
rotating control device with an axis of a casing string.

Claims

1. An alignment system, comprising:

at least one alignment device positioned be-
tween two flanges, the alignment device having
a greater thickness on one side of the alignment
device than on an opposite side of the alignment
device.

2. The system of claim 1, wherein the system compris-
es multiple alignment devices positioned between
the flanges.

3. The system of claim 2, wherein the alignment devic-
es are displaceable relative to each other to thereby
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vary an angular offset of one flange relative to the
other flange.

4. The system of claim 1, wherein one of the flanges is
part of a blowout preventer.

5. The system of claim 4, wherein the alignment device
aligns an axis of the blowout preventer with an axis
of a tubular string extending through a rig floor.

6. The system of claim 4, wherein a rotating control
device is connected to the blowout preventer.

7. The system of claim 6, wherein the alignment device
aligns an axis of the rotating control device with an
axis of a tubular string extending through a rig floor.

8. The system of claim 1, wherein one of the flanges is
part of a casing bowl.

9. The system of claim 1, wherein the alignment device
aligns an axis of a blowout preventer stack with an
axis of a casing string.

10. The system of claim 1, wherein the alignment device
aligns an axis of a rotating control device with an axis
of a casing string.

11. A method of producing a relative angular offset be-
tween a first flange and a second flange, the method
comprising:

positioning at least one alignment device be-
tween the first and second flanges; and
securing the alignment device between the first
and second flanges, thereby producing the an-
gular offset.

12. The method of claim 11, wherein positioning at least
one alignment device comprises positioning multiple
alignment devices between the first and second
flanges.

13. The method of claim 12, further comprising displac-
ing a first one of the alignment devices relative to a
second one of the alignments devices, thereby var-
ying the angular offset.

14. The method of claim 11, wherein the first flange is
part of a casing bowl.

15. The method of claim 11, wherein securing the align-
ment device further comprises aligning an axis of a
blowout preventer stack with an axis of a casing
string.

16. The method of claim 11, wherein securing the align-
ment device further comprises aligning an axis of a

rotating control device with an axis of a casing string.

17. The method of claim 11, wherein the second flange
is part of a blowout preventer.

18. The method of claim 17, wherein securing the align-
ment device further comprises aligning an axis of the
blowout preventer with an axis of a tubular string
extending through a rig floor.

19. The method of claim 17, further comprising connect-
ing a rotating control device to the blowout preventer.

20. The method of claim 19, wherein securing the align-
ment device further comprises aligning an axis of the
rotating control device with an axis of a tubular string
extending through a rig floor.

11 12 



EP 2 806 099 A1

8



EP 2 806 099 A1

9



EP 2 806 099 A1

10



EP 2 806 099 A1

11



EP 2 806 099 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 2 806 099 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 2 806 099 A1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• GB 2340570 A [0003]
• GB 130846 A [0004]

• US 7144049 B [0026]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

